of pectinase (Wright, 1961 a) can be related to the nature of the solid plant particles ingested and utilized by the organism. SUMMARY 1. Extracts prepared from Epidinium ecaudatum by two disintegration procedures contain oc-galactosidase and isomaltase activities. Nearly all of the oc-galactosidase is extracted by water.
The persistent need for microanalytical methods in steroid biochemistry has stimulated many recent applications of gas-liquid chromatography in this field (Horning, VandenHeuvel & Creech, 1963) . These have been aided by technical improvements, such as the development of highly sensitive detectors and the use of low concentrations of stationary phase. Silicone-polymer phases of the types introduced by Horning and coworkers (VandenHeuvel, Sweeley & Horning, 1960; VandenHeuvel, Haahti & Horning, 1961 a) permit the convenient chromatography of a wide variety of steroids, including sterols and other hydroxy steroids that have unduly long retention times on polyester phases. Correlations between retention behaviour and structure have been established by Clayton (1961a Clayton ( , b, 1962 for a large number of sterol methyl ethers (C1.-C2.). The 'group retention factor' (Clayton, 1961 a, b) for a particular substituent in a steroid is the relative change in retention accompanying its introduction. In general, the analytical utility of retention factors relies on their substantial independence of molecular weight.
The present paper surveys regularities observed for a number of steroids (C19, C21, C24, C27 and C28) with the silicone phases SE-30 and QF-1, principally at 2000. Knights & Thomas (1962a, b) have reported useful correlations for a variety of compounds with the QF-1 stationary phase at 2500, and regularities observed with SE-30 at 2200 have been described by Tsuda, Ikekawa, Sato, Tanaka & Hasegawa (1962) .
The principal aim of the present investigation was to assess the regularities achieved in the gasliquid chromatography of steroids under standard conditions, and so to assist the identification of steroids isolated in microgram quantities from biological samples. Part of the work has been briefly reported (Brooks & Hanaineh, 1962) .
MATERIALS AND METHODS
Steroids. Most of the steroids were obtained commercially or were generously provided by Professor W. Klyne (M.R.C. Steroid Reference Collection); others were kindly given as specified in the footnotes to Table 1 . 11, were prepared by the oxidation of cortisone and hydrocortisone respectively (Brooks & Norymberski, 1953) . Solutions were made in AnalaR chloroform, usually at concentrations of about 2 mg./ml., and suitable portions were mixed with cholestane for chromatography. The quantity of steroid injected was generally 01-1-0 jig.
Apparatus. The Pye Argon Chromatograph was modified to permit convenient injection of solutions. Glass column tubes (134 cm. long, internal diam. 3-5-4-0 mm.) were fitted with a side arm 1 in. below the top for admission of the argon supply, and injections (0-1-2 ,ul.) were made with a 10 ,u. syringe (Hamilton Co. Inc., Whittier, Calif., U.S.A.) through a silicone-rubber 'blind hole' stopper that closed the upper end of the tube. When fully inserted for injection the point of the syringe needle was 1 in. below the side arm. The upper portion of the tube projected from the Chromatograph housing, and was packed only with a loose plug of glass wool. It was enclosed by an aluminium block that incorporated a 300w heating element controlled by a variable transformer. The block temperature was normally kept 25-35°above the main column temperature. Standard conditions were as follows: column temperature, 200 ± 30 (or 225 ± 3°); block temperature, 230 ± 50 (or 250 ± 5°); argon flow rate, 30 ml./min. at outlet (inlet pressure Column packings were prepared on the support GasChrom P (Applied Science Laboratories Inc., State College, Pennsylvania, U.S.A.) (100-140 mesh for SE-30, 80-100 mesh for QF-1) that had been acid-washed and treated with 5% (v/v) dichlorodimethylsilane in toluene by the procedure of Horning, essentially as described by Sjovall, Meloni & Turner (1961 5P-pregnan-3x-ol, 0-283, 0-003 (5); androst-4-ene-3,17-dione, 0-452, 0-003 (9); 3m-hydroxy5oc-androstan-17-one, 0-336, 0-002 (7); 5a-pregnane-3p,20m-diol, 0-652, 0 004 (4); 5x-pregnane-3,11,20-trione, 0-884, 0-002 (7).
(2) On QF-1: 5m-pregnane, 0-206, 0 003 (13); 5oc-androstan-3-one, 0-805, 0003 (14); 5cc-androstan-17/3-ol, 0-388, 0 005 (7); 5xe-pregnane-3,20-dione, 6-30, 0-032 (6); 17,Bhydroxy-5oc-androstan-3-one, 2-630, 0-017 (11); 5f-pregnane-3oc,20P-diol, 1-806, 0-027 (7); androst-4-ene-3,11,17-trione, 12-64, 0-28 (7). The efficiency of the SE-30 column was about 3000 theoretical plates for cholestane, 1700 for progesterone; neither value changed during 3 months' use. The QF-1 column was much less efficient: values of 1200-1500 were found for ketones, but cholestane gave values as low as 600. Clayton (1961a, b) & Horning (1961 b) , and 1-1 (on QF-1 at 250°) found by Knights & Thomas (1962b) . On SE-30, 3cc-and 3,B-hydroxyl substituents have a scarcely discernible influence (pairs 14-19: 1-11, S.D. 0-02), but on QF-1 factors of 0-98 and 1-28 respectively are observed in the presence of these groups. This ensues from the preferential retention of equatorial alcohols by QF-1, as discussed below with reference to Table 4 . It is notable that, on QF-1, acetylation of the 3-hydroxyl group distinctly diminishes this selectivity. [In this respect our results differ from those observed at 250' by Knights & Thomas (1962b) .] On the other hand, on SE-30, acetylation leads to a marked divergence of retention factors. These observations again illustrate the different character of the two stationary phases, SE-30 responding essentially to molecular skeletal size and shape, and QF-1 interacting selectively with substituent groups. The elution of 3ac-hydroxy-5oc-androstan-17-one acetate before its 5k-isomer on a polyester column (Lipsky & Landowne, 1961 ) may now be construed as a result of selective retention of the equatorial acetoxyl group in the latter compound.
RESULTS AND DISCUSSION
The results in Table 2 also show that no significant difference is observed between the retention factors for androstane, pregnane, cholane and cholestane derivatives, in agreement with the more limited data of Knights & Thomas (1962b) . We have studied a wide range of molecular weights in one series of compounds, giving retention factors (on SE-30 at 200°and 2250) for the introduction of the 3fl-hydroxyl group (Table 3) . Because of the variety of functional groups present, the results are simultaneously a test of vicinal interactions; nevertheless, it is clear that neither the molecular weights nor vicinal effects seriously impair the constancy of the retention factor for the introduction of the 3#-hydroxyl group with SE-30. The mean values observed are in reasonable agreement with the comparable data for cholestan-3/-ol given by VandenHeuvel et al. (1961a, b) . Distinctly lower retention factors are recorded by Sweeley & Lo Chang (1961) and Bloomfield (1962) , who used Chromosorb W as support material rather than Gas-Chrom P.
Functional-group retention factors. The main correlations arising from the data of Table 1 are summarized in Table 4 in the form of retention factors for the introduction of hydroxyl and oxo groups. Less than half the data were derived from direct comparisons of monofunctional with parent compounds; in the remainder, the presence of other substituents is indicated where they appear to have a marked effect on the retention factors. Compounds with more obvious interactions A4-3, 3, 17, 20, 11 ; the separations are small on SE-30 but are greatly enhanced on QF-1, evidently through a combination of polar and steric effects. Thus the relative retention factor of the A4-3-oxo group is increased fourfold, that of the 3-oxo group three- The separation factor is the ratio of the retention of the 5cc-steroid to that of its 5/3-epimer.
5a-and 5/3-Epimers fold, and that of the 11-oxo group less than twofold, on QF-1 as compared with SE-30.
(5) Hydroxy and keto steroids have generally similar retentions on SE-30, but the keto steroids are retained relatively more strongly on QF-1, except for the 11-oxo steroids, which are still eluted before the corresponding hydroxy compounds, as on SE-30.
(6) Vicinal effects are more noticeable on QF-1, as expected from its greater reactivity towards functional groups. This is particularly illustrated by the retention factors for 17-oxo and 20-oxo groups in the presence of a 3-oxo group. Consequently SE-30 is more suitable for initial analysis of unknown steroids, and QF-1 for subtler investigations when a tentative structure can be suggested.
The only examples in which androstane and pregnane derivatives have yielded different retention factors are the li-oxo steroids ( Simple acetylation of the 3/3-hydroxyl group in the group of normal sterols listed in Table 6 is characterized by a mean retention factor of 1.47 on SE-30 at 2250; variations in substituents as close as C(5) cause only minor changes. The five 4,4-dimethyl sterols examined, on the other hand, give a mean retention factor of 1-36, suggesting that the steric effect of the methyl groups, already well-known in the retention behaviour of the free sterols (Clayton, 1961a (Clayton, , b, 1962 cf. Brooks, 1963) , is enhanced in the bulkier acetates. The retention factors are sufficiently different to be of diagnostic value in the study of naturally occurring sterols.
The influence of the configuration at C(3) and C(5) on the retention factor for acetylation is indicated in than 0 03) and 1-58 (S.D. less than 0 04) respectively. The situation with QF-1 is more complex, owing to the interplay of steric effects and of the relative affinities of hydroxyl and acetoxyl groups for this phase. Thus the axial 3$-acetoxyl group in 5fl-steroids is retained almost as strongly as the equatorial 3f-acetoxyl group in 5cc-steroids, and yields a high and characteristic acetylation retention factor of 1-75. The epimeric 3-acetoxy steroids in the 5a-series give practically identical retention factors on this phase. Table 7 shows that the stereochemistry of a 3-hydroxy steroid is assignable with high probability from a knowledge of the retention factors associated with acetylation both on SE-30 and QF-1, together with the relative retention data. Parent compound 5x-Androstane-3,17-dione 5/-Androstane-3,17-dione 3o-Hydroxy-5f,-androstan-17-one Androst-4-ene-3,17-dione 5oc-Pregnane 5oc-Pregnane-3,20-dione 3fl-Hydroxy-5o-pregnan-20-one 5 -Pregnane-3,20-dione 5oc-Pregn-2-en-20-one 16oc-Methyl-5oc-pregn-2-en-20-one These relationships, combined with the appropriate group retention factors, permit the prediction of approximate retention data for a wide variety of steroids. Knights & Thomas (1962a) have pointed out the correspondence between the logarithms of relative retention times and the R.
values defined by Bate-Smith & Westall (1950) and extensively applied by Bush (1961) in the paperchromatographic identification of steroids.
Application of retention data to the analysis of biological extracts. The analytical application of retention factors may be briefly illustrated by an examination of urinary steroid fractions kindly provided by Dr J. K. Norymberski and Dr E. Menini. The fractions had the following expected composition according to the scheme outlined by these authors (Menini & Norymberski, 1962) : fraction KA, di-and tri-oxo steroids of the androstane and pregnane series; fraction K, mono-and di-hydroxy-17-oxo steroids of the androstane series, derived from urinary 17-hydroxy corticosteroids; fraction KK, fully oxidized compounds corresponding to those in K.
The results observed by chromatography of each fraction on SE-30 and on QF-1 at 200°are summarized in Table 8 , and representative chromatograms are shown in Fig. 1 . Most of the observed peaks could be tentatively identified by direct comparison with the data for the expected compounds. However, authentic samples of the 3,1 1,-dihydroxy-5cc-and 3,11fl-dihydroxy-5p-androstan-17-ones expected in fraction K (from the 5-epimeric tetrahydro derivatives of cortisone and hydrocortisone) were not available. The relative retentions computed for these compounds on SE-30 obtained by using the factor 1-84 for the 11- Table 7 . Retention factors due to acetylation of 3-hydroXy steroids
The acetates were prepared from 50 ,ug. of hydroxy steroid and were not isolated. The columns were operated at 2000. The complementary data for the QF-1 column strengthen some configurational assignments, as shown in Table 8 . On the whole, the retention values and the relative peak areas are satisfactorily accommodated by the interpretations given. Rigorous identification of the components of the mixtures would of course demand their isolation; however, the gas-liquid-chromatographic data alone may be sufficiently characteristic in many instances. Thus, in the fully ketonic fraction KK (cf.
(VIl) (b).
Figs. 1 b and 1 c), the data for the two columns are in complete agreement in confirming the expected composition, and also permit the approximate estimation of the relative proportions of each constituent.
Reliability of retention data. The variability of relative retention data between Laboratories is clearly important, and has been briefly discussed (Brooks, 1963) for SE-30 columns. With QF-1, the data collected in Table 9 indicate fair agreement except for di-and tri-oxo steroids, where the retention relative to cholestane is extremely temperature-dependent. The discrepancies arise from the expected large differences in the temperature-partition coefficient relationships for compounds of widely differing constitution. Retention factors for polyfunctional steroids should accordingly be employed with reference to data for model compounds of related structure, as is customary in the application of other empirical physicochemical information. (4 ,ug.) on QF-1. The following are the tentative structures of the separated steroids: (I) 3e-hydroxy-5fl-androstan-17-one; (II) 3e-hydroxy-5a-androstan-17-one; (III) 3e,11e-dihydroxy-5f-landrostan-17-one; (IV) 3e,11-dihydroxy-5cc-androstan-17-one; (V) 5#-androstane-3,17-dione; (VI) 5-androstane-3,17-dione; (VII) 5fl-androstane-3,11,17-trione; (VIII) 5oc-androstane-3,11,17-trione. Vol. 87 159 Luukkainen, VandenHeuvel, Haahti & Horning (1961) using a Barber-Colman chromatograph with a 6 ft. column, except for the value for 5a-pregnane-3,20-dione, which was obtained by VandenHeuvel et al. (1961a) . IV, Results obtained by Knights & Thomas (1962a, b) Cholest-5-en-3fl-ol 3.33 3 00 3.39
at 2250, the factors for six 5a-5p pairs (3, 7, 13, 16, 18 and 19 in Table 2 ) are within 1% of those at 200°. Similarly on QF-1 the separation factors for the 5ax-and 5#-androstanetriones, pregnanediones and pregnanetriones (Table 9 ) at 2250 and (with the Barber-Colman chromatograph) at about 2100 are within 2 % of the values at 2000 given in Table 2 , despite the gross changes in retention relative to cholestane. It is concluded that gas-liquid-chromatographic retention data, when carefully interpreted, permit the convenient and rapid identification of steroids in samples amounting to a few micrograms. Where rigorous characterization is imperative, the isolation of separated steroids may still be required. However, it is arguable that the specificity of an infrared-absorption spectrum could be matched by that of a suitable array of gas-liquid-chromatographic information. Indeed, at the microgram quantity the latter is likely to be considerably more definitive. SUMMARY 1. Retention data, relative to cholestane, for gas-liquid chromatography of 90 steroids of the androstane, pregnane, cholane and cholestane series have been recorded for two silicone stationary phases, SE-30 and QF-1, on Gas-Chrom P at 2000.
2. A constant separation factor of 1-12 (S.D. less than 0 03) is observed on both phases for 5a-and 5f-epimers of saturated steroids, either bearing no 3-substituent or with a 3-oxo group. 5. Retention data have been applied to the tentative identification of keto steroids derived from urine.
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The relation between metabolism and ion transport is a subject of general interest. It has been studied in many tissues (Harris, 1960) . One of the techniques for the study of ion transport has been to leach out part of the potassium from a tissue. When the tissue is then placed into a favourable environment, potassium reaccumulates. Leaf (1956) showed that cooling led to the entry of sodium and water into, as well as the loss of potassium from, cooled liver and kidney slices. Mudge (1951), using kidney slices, showed that potassium was lost on cooling, and that it reaccumulated when the slices were incubated in warm Ringer solution. Maizels (1951) and Maizels & Remington (1958) have used similar cooling and warming techniques for red cells, liver slices and kidney slices.
However, rat-liver slices, one of the most convenient laboratory preparations, have not given consistent results by this technique. The ion movements produced by cooling and rewarming were often small and slow (Maizels & Rimington, 1958; D. Parsons, personal communication) . The present paper describes a procedure that gives consistent and rapid ion transport in rat-liver slices. The results of using these methods to study the effects of drugs and nutritional state on ion transport are reported by Judah & McLean (1962) and by McLean (1963) .
MATERIALS AND METHODS
Preparation of liver slices. Albino rats of 100-200g. weight were used. All rats were given 20 mg. of oc-tocopherol acetate 1 day before they were killed. The cube diet used (MRC 41 B cubes) was deficient in vitamin E, and liver slices from animals even mildly deficient in vitamin E show defects of ion transport (McLean, 1960a, b) .
The rats were killed by a blow on the head and exsanguinated, and the livers were rapidly removed. The liver was cut into slices by hand with a long razor blade and a guide similar to that described by Mcllwain (1961) . Slices 0-3 mm. thick and weighing 100-200 mg. were easily produced in numbers up to 20 per liver.
The slices were put into ice-cold 'saline solution' [containing NaCl (150 mM) and KC1 (5 mM)] as soon as they were cut. The slices and saline were kept in a squat beaker, surrounded by crushed ice and water to maintain a low temperature (about 20). The sliceswere kept cold for 35 min., by which time 70% of their original potassium content had leaked out. The slices were then distributed to vessels for incubation at 380.
When oxygen uptake was to be measured as well as slice composition, single slices were put into 3 ml. of Ringer solution in Warburg flasks.
To measure the time-sequence of ion movements, up to three slices were put into 10 ml. of Ringer solution in a 50 ml. conical flask. Slices were withdrawn at intervals from the flask. The flasks were corked and gassed through wide-bore hypodermic needles. A piece of polythene tubing led the gas to the surface of the incubation medium. Ringer phosphate solutions were gassed with oxygen, Ringer bicarbonate solutions with 02 +C02 (95: 5) . Flasks were shaken on a Warburg bath at 80-100 strokes/min.
Incubation solutions. The Ringer phosphate solution with added calcium contained: NaCl (125 mM), KCI (6mM),
